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[57] ABSTRACT 
A vibration sensor for detecting the magnitude of en 
gine vibration and for generating an electric signal‘ cor 
responding to the vibration incorporates a piezoelectric 
vibration element. The vibration sensor is used, for 
example, for detecting the knocking‘condition of an 
internal combustion engine. The piezoelectric element 
is secured onto an internal boss of a sensor housing by a 
threaded fastener. The fastener effectively secures the 
piezoelectric element onto the sensor. boss so that the 
connection therebetween is not affected by vibration 
which could otherwise impair the electrical contact. 

52 Claims, 41 Drawing Figures 1 
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VIBRATION SENSOR" , -> I 

BACKGROUND OF THE‘ INVENTION 
1. Field of the Invention " ‘ " i 

The present invention relates generally to‘ a vibration 
sensor for determining the magnitude of vibration. 
More speci?cally, the invention relates to a vibration 
sensor for determining the magnitude of vibration of an 
internal combustion engine, and which usesa vibrator 
including a piezoelectric vibration element. 1 

I 2. Description of the Prior Art 
‘ Recently, vibration sensors have been used on auto 
motive vehicles for sensing and determining the magni 
tude of engine vibration. In a spark ignition timing con 
trol system forlthe internal combustion engine, the en 
gine vibration is one of the important, parameters. , > - 

Generally, engine knocking will ‘cause shortening of 
engine life, and particularly, when substantial knocking 
continues, the engine may be permanently damaged. 
However, from the view point of fuel economy and 
maximization of engine output characteristics,rit is de 
sirable to run the engine in a lightly knocking condition. 
As is well-known to those skilled in the art, for causing 
knocking of the internal combustion engine, the spark 
advance angle is altered. In general, engine knocking 
increases in correspondence with increases in the spark 
angle advance. ‘Therefore, controlling the knocking 
condition can‘be accomplished bycontrolling spark 
advanc'eianglegln the prior art, there have been devel 
oped1 and ‘proposed various systems for keeping the 

, internal combustion engine in a lightly knocking condi 
tion by feedback controlling the spark advance angle. 
'On the other‘ hand, it‘ is also well known that under 

the knocking ‘condition, engine vibration rapidly in 
creases‘depending on the internal pressure inv the com 

‘ bustion chamber. In currently made vehicles, the engine 
vibration frequency corresponding ,to' the knocking 
condition is‘ generally within‘a range‘ of 6 to’ 9‘KHz. 
Utilizing ‘this ‘engine characteristic, there have been 
proposed various systems for detecting engine knocking 
condition bydetecting the engine vibration. For detect 
ing the engine‘ vibration, there has been provided a 
vibration sensor for the internal combustion engine, 
which detects ‘theabove-mentioned speci?c range of 
engine‘ vibration.‘ The detected vibration frequency 
signal 3is‘ converted into an analog value which is 
smoothed and compared with the vibration element of 
the speci?c frequency range to generate a signal.’ The 
signal'is integrated‘ per crank revolution. ‘When the 
integrated value exceeds a predetermined value, the 
engine is regarded as knocking and the system generates 
an output knocking signal. Corresponding to this 
knocking signal, the spark advance angle is‘ feedback 

In the prior iart,tv‘ibration sensors have been used for 
detecting knocking condition of the internal combus 
tion engine. In a typical vibration sensor construction, 
‘the vibration sensor comprises a sensor body de?ning 
an internal space with a cover member and a vibrator 
disposed- in the internalspace of the sensor body. The 
vibrator‘ generally comprises a metal plate and a piezo 
electric vibration element which generates an electric 
signal corresponding to the vibration applied thereto. 
Conventionally, the vibrator isbonded ‘onto a vibrator 
base formed on either. the sensor body ‘or the cover 
.membenFor securing the vibrator onto the vibrator 
base, an electrically conductive adhesive .is used. The 
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2 
vibrator is connected to the control system, such as the 
spark ignition ‘timing control system, through a lead 
inserted into the internal space of the vibrator body. 
The end of the lead is secured to the =vibrator by weld 
ing or a similar method. ' 

i The sensor thus constructed is secured to an engine 
cylinder block with an achor bolt formed integrally 
with‘ the sensor body. The electric signal generated in 
the vibrator is transmitted to the control system 
through ‘the lead. 

Since the electrically conductive adhesive has a rela 
tively low heat resistance, under extreme heat condi 
tions, it breaks down, causing the vibrator to be jarred 
loose from the vibrator base. In addition, the relatively 
high temperature will affect the vibrator’s resonant 
frequency and decrease the vibrator’s durability. 

Further, the end of the lead is welded or soldered to 
‘the piezoelectric element with relatively high heat. This 
will possibly damage the piezoelectric element and 
therefore makes it dif?cult to ?t the lead onto the piezo 
electric element. 

SUMMARY OF THE [INVENTION 

Therefore, it is a general object of the present inven 
tion to provide a vibration sensor which can maintain an 
output responsive to vibration applied thereto, without 
the possibility of undesirably or unexpectedly becoming 
detached from an internal surface of the sensor housing. 
For accomplishing the above-mentioned and other 

objects of the present invention, there is provided a 
vibration sensor generally comprising a sensor housing 
and a vibrator secured on the internal surface of the 
sensor housing. For securing the vibrator onto the inter 
nal surface of the sensor housing, there is further pro 
vided a fastener which has a threaded portion engageble 
with the sensor housing. 

In a preferred construction, the vibrator comprises a 
piezoelectric element of substantially thin plate form 
having electrodes on both planar surfaces thereof and a 
metal plate having approximately the same thermal 
expansion ratio as that of the piezoelectric element. 
The vibration sensor constructed as above is applica 

ble for determining vibration frequency of an internal 
combustion engine. For using the sensor output as ‘a 
controlparameter in an electric or electronic engine 
control system such as a spark'ignition timing control 
system, the vibrator has a resonating point substantially 
corresponding to the engine vibration frequency in 
engine knocking condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become fully understood 
from the detailed description given below and from the 
accompanying drawings of the preferred embodiments 
of the present invention, which, however, are not to be ‘ 
taken as limitative of the present invention but for eluci~ 
dation and explanation only. 

In the drawings: v 
FIG. 1 is a sectional view of a sixth embodiment of a 

vvibration sensor according to the present invention; 
FIG. 2 is an exploded view of the vibration sensor of 

FIG. 3 is an enlarged sectional view of the vibrator 
for use‘with the vibration sensor of FIG. 1; 
FIG. 4 is a sectional view of a seventh embodiment of 

the vibration sensor; ‘ 
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FIG. 5 is an enlarged sectional view of a ?rst modi 
?ed vibrator for use with the vibration sensor of FIG. 4; 
FIG. 6 is an enlarged sectional view of a second 

modi?ed vibrator for use with the vibration sensor of 
FIG. 4; 
FIG. 7 is an enlarged sectional view of a third modi 

?ed vibrator for use with the vibration sensor of FIG. 4; 
FIG. 8 is an enlarged sectional view of a fourth modi 

?ed vibrator for use with the vibration sensor of FIG. 4; 
FIG. 9 is a sectional view of a second embodiment of 

the vibration sensor according to the present invention; 
FIG. 10 is an enlarged sectional view of the vibrator 

shown in FIG. 9; 
FIG. 11 is a sectional view of the vibration sensor of 

FIG. 9 taken along line 11-11; 
FIG. 12 is a sectional view of a third embodiment of 

the vibration sensor according to the present invention; 
FIG. 13 is an exploded view showing a modi?ed 

construction of the vibrator and a modi?ed construc 
tion for mounting the modi?ed vibrator onto a vibrator 
base; 
FIG. 14 is a sectional view of a fourth embodiment of 

the vibration sensor according to the present invention; 
FIG. 15 is a sectional view of the vibration sensor of 

FIG. 14 taken along line 15—15; 
FIG. 16 is an exploded view of a vibrator-and 

retainer assembly used in the vibration sensor of FIG. 
14; 

' FIG. 17 is an exploded view of a further modi?cation 
of a construction mounting the vibrator to the vibrator 
base, according to the second embodiment of the pres 
ent invention; 
FIGS. 18 to 22 are enlarged sectional views of insu 

lating members used in the modi?ed constructions for 
mounting the vibrator onto the vibrator base as shown 
in FIG. 17; 
FIG. 23 is an exploded view of a still further modi? 

cation of the mounting construction for the vibrator of 
the second embodiment; 
FIG. 24 is a sectional view of a ?fth embodiment of 

the vibration sensor according to the present invention; 
FIG. 25 is an enlarged sectional view of the vibrator 

employed in the vibration sensor of FIG. 24; 
FIG. 26 is a sectional view of the vibration sensor of 

FIG. 24 taken along line 26—26; 
FIG. 27 is an enlarged plan view of a vibrator-and 

retainer assembly used in the vibration sensor of FIG. 
24; 
FIG. 28 is an enlarged sectional view of the vibrator 

and-retainer assembly of FIG. 27 taken along line 
28-—28; 
FIG. 29 is an enlarged perspective view of the re 

tainer used in the vibrator-and-retainer assembly of 
FIG. 27; 
FIG. 30 is an enlarged plan view of a modi?cation of 

the vibrator-and-retainer used in the second embodi 
ment of the vibration sensor according to the present 
invention; 
FIG. 31 is an enlarged sectional view of the vibrator 

and-retainer assembly of FIG. 30 taken along line 
31—3l; 
FIG. 32 is an enlarged plan view of another modi?ca 

tion of the vibrator-and-retainer assembly used in the 
second embodiment of the vibration sensor according 
to the present invention; 
FIG. 33 is an enlarged sectional view of the vibrator 

and-retainer assembly of FIG. 32 taken along line 
33—33; 
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4 
FIG. 34 is an enlarged sectional view of a vibrator of 

conventional construction; 
FIG. 35 is an enlarged sectional view of an improved 

construction according to the present invention; 
FIG. 36 is a sectional view of a preferred embodiment 

of the vibration sensor according to the present inven 
tion; 
FIG. 37 is an enlarged sectional view of a vibrator 

used in the vibration sensor of FIG. 36; 
FIG. 38 is an exploded view of a mounting structure 

for mounting the vibrator onto the vibrator base of the 
preferred embodiment; ‘ 
FIG. 39 is a sectional view of the vibration sensor of 

FIG. 36 taken along line 39—39; I 
FIG. 40 is a graph showing the relationship between 

the thickness of the sensor cover and the resonating 
point thereof; and 
FIG. 41 is a graph showing the relationship of the 

magnitude of vibration applied to the vibrator and the 
sensor output. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 36 a preferred embodiment of the 
vibration sensor of the present invention is shown gen 
erally illustrated by the numeral 500. The vibration 
sensor 500 generally comprises a body 502 having a 
cylindrical section 508 and a closed end section 509. A 
threaded shaft 506 is formed with the closed end section 
509 to serve as a means for attaching the vibration sen 
sor 500 to a vehicle engine or other vibrating source. 
The cylindrical section 508 is formed with a retainer 

edge cap 510 adjacent the open end opposite the closed 
end section 509 for retaining a disc 504 therein. The disc 
504 includes a base 512 at the center thereof for mount 
ing a vibrator flat section 514. The vibrator ?at section 
514 comprises a vibrator electrically conductive thin 
metal element 532 having a piezoelectric vibration ele 
ment 531 bonded thereto. The piezoelectric vibration 
element 531 comprises a ?rst electrode 526, a second 
electrode 528 and a piezoelectric body 530 sandwiched 
therebetween. The vibrator flat section 514 is attached 
to the disc base 512 by bonding thereto with an electri 
cally conductive bonding adhesive to ensure an ade 
quate electrical connection therebetween. The vibrator 
?at section 514 is retained in position by a threaded 
fastener 513, comprising a bolt 517 having a threaded 
shaft 515 to which a nut 516 is attached. 

Since the body 502 serves as an electrical contact of 
the vibration sensor 500, the vibrator flat section 514 
must be isolated therefrom in all areas of the contact 
except the bonded area between the base 512 and the 
electrically conductive thin metal element 532. There 
fore, an insulator means 522 is provided around the 
threaded shaft 515 to isolate the vibrator ?at section 514 
therefrom. However, the vibrator flat section 514 must 
be electrically connected to the side opposite the elec 
trically conductive thin metal element 532 for proper 
operation. Therefore, a washer 518 is positioned there 
against and retained in place by the nut 516 so that 
electrical contact is made between the piezoelectric 
body 530 through the washer 518, the nut 516, the 
threaded shaft 515 and to a connector wire 520 con 
nected thereto. Since the bolt 517 must also be isolated 
from the body 502, an insulating washer 524 is provided 
between the bolt 517 and the disc base 512 to prevent 
electrical communication therebetween. 
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sensor according to ‘the present invention. A‘sensor 
‘ body 10 has an‘ anchor bolt 12 extending from the cen 
tral portion of a planar surface thereof to‘ secure the 
sensor body 10 to a cylinder block (not shown) of an 
internal combustion engine for ‘transmitting engine vi 

1 bration through the anchor bolt to the vibration sensor. 
The sensor body .10 and the anchor bolt12‘are formed 

1 integrally froman electrically conductive material. 
A vibrator base 14 of generally cylindrical or conical 

“ shape ‘forms the central portion of the opposite side 
surface of the sensor body 10. A stepped bore 16 having 

‘ - two portions 18 and 20 of different diameters is coaxi 
ally formed in‘the vibrator base 14 and. extends through 
the sensor body ‘10. A vibrator 22 is mounted on the 
vibrator base 14, which vibrator 22 comprises an electri 
cally conductive thin metal disc 24 and a disc~shaped 

j piezoelectric vibration element 26. Asishown in detail in 
FIG. 3, both planar surfaces of the piezoelectric vibra 
tion element 26 are coated by an electrically conductive 

; material having good conductive characteristics, such 
as silver, to ‘form electrodes 28 and 30 thereon. As 

" shown in FIGS. 1 and 2, the piezoelectric vibration 
‘element 26 has a diameter larger. than that of the vibra 
tor base 14 and extends therefrom in a radial direction. 
The metal disc-‘24h has a larger diameter than that of the 

‘ piezoelectric vibration element 26. The metal disc 24 
and the piezoelectric vibration element 26 are bonded 

‘ together‘at opposing surfaces thereof. Preferably, an 
‘ electrically conductive adhesive is used for bonding the 
metal disc and the piezoelectric vibration element 26 
together‘to provide good conductivity therebetween. 
Both the metal disc 24 and the piezoelectric vibration 

‘ element‘26 are formed with respective openings 32 and 
34 of the same diameter as that of the‘ portion 18 of the 
base ‘bore 16. I An electrically conductive element 36 
having a‘bent extension‘ 38 is mounted on the vibrator 22 
to contact one‘ planar side surface of the electrode 28. 

a t The metal element 36 also includes an opening 40 of the 
‘ same diameter as that of the portion 18 of the bore 16. 
Through the openings32 and 34 of the vibrator 22 and 
the opening 40 of the. metal element 36, a cylindrical 
insulating member 42 having an upper annular ?ange 

' portion‘44 ?ts into the portion 18 of the bore to insulate 
‘ the electrode28 from the sensor body 10. ‘The ?ange 

‘ portion 44 of the insulating member 42 has‘ a diameter 
,substantially ‘the same as that of thevibrator base 14. 

t. The insulating member 42 is formed with an elongated 
opening146 ‘concentric with the main body portion. A 
screw 48 passes through the opening 46 of the insulating 
member ‘42 and engages an internal thread formed in the 

a portion 20 of the bore 16. Thus, the vibrator 22 is sand 
wiched between the ‘vibrator base ‘14 and‘ the ?ange 

‘ portion 44 of the insulating member 42 and is thereby 
?xed on the ‘vibration base. - t > t 

A cup-shaped cover member 50. made of an electri 
cally conductive material is installed on the assembled 
vibration sensor body 10 and is secured thereto. ‘Prefer 
ably, the sensor cover material is the same as the sensor 

‘ ‘a body. ‘The cover member 50 is formedtwith an opening 
52 having‘ an insulating‘ bushing 54. An output lead 56 

‘ passes through the insulating busing 54 and is connected 
‘t tothe b‘entextension 38 of the metalgelement 36. 

It is recommended that the‘ vibration sensor accord 
j ‘ing to the present inventionbe approximately 30 mm in 
‘ .overalldiarneter, and that the screw or thread element 
.‘be approximately 6 mm in. diameter. Further, the total 

' .‘weight‘ofthe base .and vibrator assembly should be ' 
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6 
approximately 15 grams and the total weight of the 
vibration sensor should be approximately 30 grams. 

. On assembling, ?rst, the vibrator 22 is installed on the 
vibrator base 14 and then the metal element 36 is in 
stalled thereon. The vibrator 22 is bonded to the vibra 
tor base 14 after centering. Thereafter, the insulating 
member 42 is inserted through the openings 32, 34 and 
40 and screw 48 is installed through the insulating mem 
ber and into the thread of the portion 20 of the bore 16. 
Since the metal disc 24 of "the vibrator 22 faces the 
electrically conductive sensor body 10 through the 
vibrator base 14, the electrode 30 is connected to the 
engine cylinder block, and thus to ground. ‘ 

Alternatively, by ?rst installing the insulating mem 
ber 42, the vibrator can be accurately and effectively 
centered with respect to the axis of the vibrator base 14. 
Namely, the insulating member 42 is inserted through 
the metal element 36, the vibrator 22 and into the por 
tion<18 of the bore 16 to align the axes thereof with the 
axis of the bore. Since the inner diameter of the-open 
ings 32 and 34 are substantially the same as the outer 
diameter of the insulating member 42, the vibrator 22 
can be accurately centered with respect to the axis of 
the bore 16. 1 

In the shown embodiment, the resonating frequency 
of the vibrator 22 is determined by the thickness of the 
metal disc and the piezoelectric element and the diamet 
rical relationship between the metal disc and the piezo 
electricelement. Therefore, the thicknesses and diame 
ters of the metal disc and the piezoelectric element are 
determined so that the vibrator resonates to the engine 
vibration frequency generated while the engine is 
driven in knocking condition, e..g., within a range‘ of 5 
.KHz to 9 KHz. 

35 . In response to engine vibration transmitted through 
the anchor bolt 12, the metal disc 24 of the vibrator 22 
vibrates to deform the piezoelectric element 26. Corre 
sponding to the amount of deformation, the piezoelec 
tric element 26 generates'a potential between the elec 
trodes 28 and 30 formed on both planar surfaces thereof. 
The electric signal generated by the piezoelectric ele 
ment 26 is fed to an enginecontrol system for control 
ling the internal combustion engine with the engine 
knocking condition as a control parameter therefor, 
such as a spark ignition timing control system, through 
the metal element 36 and the lead 56. The potential of 
the signal generated by the piezoelectric element 26 
corresponds to magnitude of engine vibration. 
FIG. 4 shows a seventh embodiment of a vibration 

sensor as a modi?cation of a the sixth embodiment of 
F I68; 1 to 3. In this embodiment, the parts correspond 
ing to the sixth embodiment‘will be represented the 
same reference numerals for ‘simpli?cation of the fol 
lowing explanation and for avoiding confusion. 
The sensor body 10 includes the anchor bolt 12 at the 

central portion of the planar surface. The sensor body 
10 is formed with an annular projection 11 extending 
along the outer periphery thereof to de?ne a recess 13 
therein. A substantially disc-shaped cover. member 50 is 
mounted on the sensor body 10 and secured thereto. 
The cover member 50 is provided with a vibrator base 
58 extending inwardly from the central portion of the 
inner planar surface thereof.‘ The vibrator base 58 is of 
a generally cylindrical or truncated conical‘shape and is 
formed with an elongate opening 60 along the axis 
thereof. The vibrator 22 is secured at the inner end of 
the vibrator base 58 and held by a nut 62 through a 
retainer 64 of a generally cylindrical shape. The nut 62 
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engages a threaded portion 66 of a connector 68 extend 
ing through the opening 60. The connector 68 has a 
head portion 70 extending outwardly from the cover 
member 50. A generally cylindrical insulating member 
42 having a ?ange portion 44 is interposed between the 
inner periphery of the opening 60 and the connector 68. 
The insulating member 42 extends along the axis of the 
bore to insulate the inner periphery of the vibrator 22 
from the connector 68. 
The connector 68 has a ?ange portion 72 at the inter 

mediate portion between the threaded portion 66 and 
the head portion 70. The ?ange portion 72 of the con 
nector 68 faces the ?ange portion 44 of the insulating 
member 42 to urge the latter onto the outer surface of 
the cover member 50 by tightening the nut 62. Between 
the ?ange portion 44 of the insulating member 42 and 
the outer surface of the cover member 50, there is inter 
posed a metal element 74 having a bent portion 76 to be 
connected with a lead 78 for connecting the cover 
member 50 to ground. I 

Thus, the output generated in the piezoelectric ele 
ment 26 of the vibrator 22 is transmitted to the head 
portion 70 of the connector 68 through the electrode 28, 
the retainer 64, the nut 62 and the threaded portion 66. 
The output is further transmitted to the engine control 
system with the output as one of the control parameters 
through a lead 80 connected to the head portion 70 of 
the connector 68. 
According to the above-explained embodiments, 

since the vibrators 22 are respectively secured to the 
vibrator bases 14 and 58, they are ?xedly held on the 
vibrator bases without loosening therefrom even when 
the vibrators are subjected to high engine temperatures 
transmitted through the anchor bolts. Further, by using 
the insulating members, the vibrators can be accurately 
and easily centered onto the vibrator bases so that they 
can detect resonating frequencies in any direction. 

It should be noted that the vibrator is not necessarily 
constructed as shown in FIG. 3. For example, it can be 
constructed as shown in FIGS. 5 to 8. In FIG. 5, there 
is shown a vibrator 22 constructed only of the piezo 
electric element 26 with the conductive coated elec 
trodes 28 and 30 on both surfaces thereof. FIG. 6 shows 
a vibrator 22 comprising two piezoelectric elements 26, 
each of which has electrodes 28 and 30 on both surfaces 
thereof. The electrodes 30 of the upper and lower piezo 
electric elements 26 are facing together. By this con 
struction, the potential of the output signal can be in 
creased. The same effect as that expected in the con 
struction of FIG. 6 can be also expected in vibrators 22 
of FIGS. 7 and 8. FIG. 7 shows the vibrator comprising 
two piezoelectric elements 26 and a metal disc 24 inter 
posed between the piezoelectric elements 26. The elec 
trodes 30 of the piezoelectric elements 26 face the pla 
nar surfaces of the metal disc. FIG. 8 shows another 
arrangement of the same elements in FIG. 7. In FIG. 8, 
the metal disc 24 faces the lower-most electrode 28 of 
the lower piezoelectric element 26. 
Now referring to FIGS. 9 to 11, there is illustrated 

the second embodiment of a vibration sensor according 
to the present invention. A sensor body 102 is formed 
with a substantially circular cup shaped con?guration 
with an anchor bolt 104 extending outwardly from the 
‘bottom thereof. The periphery of the sensor body 102 is 
formed with a hexagon-shaped portion 106 adjacent the 
bottom thereof. An annular groove 108 is formed on the 
inner periphery to retain a sensor cover 110 with a 
water-proo?ng ?ller 111, adjacent the top thereof. 
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The sensor cover 110 is formed with a vibrator base 

112 at the central portion thereof. The vibrator base 112 
is of generally cylindrical shape. Aligned with the trans 
verse axis of the vibrator base 112, an elongated opening 
114 is formed through the vibrator base 112 and the 
sensor cover 110. A vibrator 116 is secured on the inner 
end of the vibrator base 112 and is ?xed thereon with an 
electrically ‘conductive retainer 118 by a nut 120 of an 
electrically conductive material. The nut 120 engages a 
threaded portion 122 of a connector 124 passing 
through the opening 114 and extending inwardly from 
the vibrator base 112. An elastic insulating member 126 
of a generally cylindrical shape is interposed between 
the inner periphery of the opening 114 and the threaded 
portion 122 of the connector 124 to insulate the vibrator 
116 from the connector 124. The insulating member 126 
has a ?ange portion 128 mounted on the outer end of the 
opening 114. The ?ange portion 128 is sandwiched 
between the outer end of the opening and a ?ange por 
tion 130 of the connector 124. The connector 124 fur 
ther has a head portion 132 to be connected with a lead 
134 for connecting the sensor to the engine control 
system using the knocking signal as one of the control 
parameters, such as the spark ignition timing control 
system for the internal combustion engine. ‘ 
As shown in FIG. 10, the vibrator 116 comprises a 

metal plate 136 and a piezoelectric element 138 which is 
coated on both surfaces with a conductive material such 
as silver to form electrodes 140 and 142 thereon. The 
metal plate 136 faces the electrode 140 on one side 
surface thereof and the other electrode 142 of the piezo 
electric element faces the retainer 118. Therefore, the 
output ‘signal generated in the piezoelectric element 138 
corresponding to engine vibration is outputted from the 
lead 134 through the electrode 142 the retainer 118, nut 
120 and connector 124. The vibrator 116 is connected to 
ground through the electrode 140, sensor cover 110 and 
sensor body 102. I 

As shown in FIG. 11, the piezoelectric element 138 
and the metal plate 136 each comprise a circular portion 
144 and 148 and a substantially rectangular tongue por 
tion 146 and 150. Each circular portion 144 and 148 is 
formed with a central opening 152 and 154 for receiving 
the connector 124. By the construction of the vibrator 
116 herein disclosed, advantages can be expected that, 
since the vibrator 116 is secured to the vibrator base 112 
in cantilever fashion and the tongue portions 146 and 
150 extend toward one direction, the resonating fre 
quency of the vibrator is always even, and further it is 
easy to adjust the resonating frequency by adjusting the 
length of the tongue portions. Namely, by shortening 
the length of the vibrator tongue portion, the resonating 
frequency of the vibrator can be increased by a constant 
ratio. Therefore, even after assembling the vibrator 
onto the vibrator base, one can easily adjust the resonat 
ing frequency for accuracy of detecting engine vibra 
tion. For adjusting the resonating frequency in the as 
sembling operation, the vibrator is shortened by, for 
example, ?ling or the like‘. The resonating frequency 
can also be determined by applying alternating current 
to the vibrator and measuring the impedance thereof. 
The resonating frequency will correspond to the fre 
quency of alternating current applied to the vibrator 
when the impedance thereof becomes maximum. 
FIG. 12 shows a third embodiment of the vibration 

sensor of FIGS. 9 to 11. In this embodiment, the vibra 
tor 116 is mounted on the vibrator base 160 formed on 
the sensor body 102. The vibrator 116 is ?xedly secured 
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onto thekvibrator base 160 by a screw 162 through the 
elastic insulatingiimember 126.. Between ‘the ?ange por 
tion~128 and the top of the vibratorbase 160 is inter 
posed a metal element ‘164 having bent portion 166. The 
bent portion 166 of the metal element ‘164 is connected 
to an output lead 170 through which a sensor signal 
generated by the piezoelectric element 138 is transmit 
ted tofthe engine .control system. ‘The output lead .170 
extends from the sensor cover 110 through a hole‘l72 
with a insulating bushing 174. , , 1 

In thismodi?cation, the constructionof the vibrator 
116 is substantially the. same as the foregoing embodi 
‘ment as describedwith reference to FIGS. 9 to 11. 
Therefore, the same advantages can be expected 
therein. ‘ r‘ ~ . > > , 

, FIG.‘ 13 shows a modi?cation .of the vibrator 116 of 
the. foregoing embodiments. In this modi?cation, the 
vibrator 116.comprisesthe piezoelectric element 138 
and the metal plate 136, each having‘ a ‘squareportion 

‘ 180 and 182 and a substantially. rectangular tongue por 
tion 146 and 1510. Corresponding to this, the retainer 118 
and the vibrator base112 are formed with cutaways 184 
and 186; According ‘to this modi?cation, since the 

‘ length‘ of the‘tongue portion 146 and 150 in proportion 
can be kept constant, the accuracy of adjustment of the 
‘resonating frequency; increases. .. 

FIGS. 141016 show a fourth embodiment of the 
vibrationsensor of the present invention. It‘ shouldbe 
noted that, for simpli?cation‘of the following explana 
tionuand for avoiding confusion in the reference numer 
als, corresponding parts or elements of the foregoing 
embodiments willtbe represented by the same reference 
numeralstvAs in ‘the embodiment shown in FIGS. 9 to 
11, the. vibrator v116 is secured onthe vibrator base 112 
formed, onlthe sensor cover 110. The vibrator 116 is 
held between two retaining members 190 and 192. The 
retaining‘ member 190 has angled portions 194 on both 
sides thereof. The square portions 180 and 182. are 

‘ placed in‘ a recess de?ned by,the angled portion 194 of 
the retaining member 190. The retaining member 192 
has a side edge portion on which is provided an electri 
cally insulatingmember-such‘aspaper tape 196. The 
retainingemember 192.is placed on the opposite side of 
the vibrator and faces to thesurface of the square por 
tion of the piezoelectric element. The vibratorf and re 
taining ‘member assembly are “secured on the vibrator 
‘base 112 by a nut 120. The nut 120 engages the threaded 
portion 1220f the connector 124. t _ , ~ 

FIG. 17 shows a further modi?cation of the second 
embodiment of the present invention. There is illus 
trated an exploded view of the structure for mounting 
the vibrator 116 onto the vibrator base 112 formed from 
the inner surface of the sensor cover 110. The vibrator 
base 112 is formed with a substantially square opening 
202 extending through the sensor cover 110. The vibra 
tor 116, has the‘. same construction as explained with 
reference to FIG. 13. The vibrator 116 comprises the 
resonating element 138 and the metal plate 136, each of 
which has‘a square portion 180 and 182 and a substan 

“ tially rectangular ‘tongue portion 146 and 150. The 
square portions‘ 180 and ‘182 of the resonating element 
138 ‘and‘the metal plate. 136 are formed with square 
openings 204 and 206 extending therethrough. Like 
wise, theretainer 118 is formed ‘with the square shaped 
opening 208. Through the openings 202, 204, 206 and 
208,‘ a square shaped insulating member 210 is inserted. 
The insulating member 210 is‘ formed with an elongate 
circular‘ opening .212‘to receive the threaded portion of 
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the connector (not shown in FIG. 17.) By this construc 
tion, the vibrator 116 is prevented from rotating about 
the insulating member 210 and thereby the resonating 
frequency of the vibrator is maintained constant. 
For achieving the above-mentioned advantages, it is 

not a limitation to use the square shaped insulating 
member.‘ Various modi?cations can be substituted from 
the viewpoint of preventing the vibrator from rotating 
thereabout. FIGS. 18 to 22 show‘ variations of the insu 
‘lating members 210. As seen from the present modi?ca 
tions, by providing the angled portion to the insulating 
member, the vibrator is prevented from rotating. 
FIG. 23 shows a still further modi?cation of the sec 

ond embodiment of the present invention. The sensor 
cover 110 includes the vibrator base 112 on the inner‘ 
surface thereof. As in the vibrator base of FIG. 13, the 
vibrator base 112 is formed with the cutout portion 184 
for providing the constant length of the tongue portion 
of the vibrator 116 of the same construction of FIG. 13. 
The vibrator 116 and the vibrator base 112 are formed 
with aligned openings 213 and 214 extending there 
through. The retainer 118 is also formed with an open 
ing 216 of the same diameter as the opening 213 and 214 
and aligned therewith. 

In the assembling operation, the vibrator 116 is se 
cured between the inner end of the vibrator base 112 
and the retainer 118 in alignment with the openings 212, 
214 and 216. Through the aligned. openings 212, 214 and 
216, a pin 218 is inserted to determine the direction of 
the tongue portions 146 and 150 of the resonating ele 
ment 138 and the metal plate 136. As in the preceding 
embodiment, the vibrator 116 is prevented from rotat 
ing about the axis thereof. ‘ 
FIGS. 24 to 29 show a ?fth embodiment of the vibra 

tion sensor according to the present invention having a 
'means for preassembly adjustment of the vibration fre 
quency. 
As generally shown in FIGS. 25 and 26, the vibration 

sensor comprises a sensor body 300 having an anchor 
bolt 302 and a sensor cover 304. The sensor body 300 
has a substantially circular base portion 306 and vertical 
periphery 308. As clearly shown in FIG. 26, a hexagon 
shaped portion 310 is formed at the lower portion of the 
periphery 308 for tightening the anchor bolt 302 to a 
cylinder block of an internal combustion engine. Adja 
cent the upper end of the periphery 308, there is formed 
an annular groove 312 to which the sensor cover 304 is 
engaged at the peripheral portion thereof. 
The sensor cover 304 has a planar inner surface 314 

and a central opening 316 extending therethrough. In 
alignment with the central opening 316 at the opening 
319, a vibrator-and-retainer assembly 318 is mounted on 
the inner planar surface of the sensor cover 304. The 
vibrator-and-retainer assembly 318 comprises a vibrator 
320 and a pair of retainers 322 and. 324. The vibrator 320 
has a piezoelectric element 326 and a metal plate 328. 
Both the piezoelectric element 326 and the metal plate 
328 have semi-circular portions 330 and 332 and sub 
stantially rectangular tongue portions 334 and 336. 
Each planar surface of the piezoelectric element 326 has 
a coated layer of an electrically conductive material 
such as silver to form electrodes 325 and 327 thereon. 
The retainers 322 and 324 are opposed at the vportion 
providing the flange portions 338 and 340. The retainers 
322 and 324 hold and clamp therebetween the semi-cir 
c‘ular portions 330 and 332 of the vibrator 320. In the 
position that the retainers 322 and. 324 hold the vibrator 
320, a holding ring 342 engages the ?anged portions 338 












